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_y  "  »»'  »m»  inwi  area  lumine  luroocnarger. 

A  variable  inlet  area  turbine  turbocharger  for  an  internal 
ombustion  engine.  A  compressor  is  driven  by  a  turbine  hav- 
>g  an  inlet  and  an  outlet,  and  the  turbine  inlet  area  is  control- id  as  a  function  of  a  control  pressure  signal  such  that  the 
irbine  inlet  area  increases  as  a  direct  function  of  the  control 
ressure  signal.  The  control  pressure  signal  corresponds  to 'hichever  is  the  greater  of  the  turbine  inlet  pressure  and  the 
Jmpressor  outlet  pressure. 

> 

1 
I 
I 

I 



0 2 0 7 6 7 1  

-  J.  -  

A  VARIABLE  INLET  AREA  TURBINE  TURBOCHARGER 

T h i s   i n v e n t i o n   r e l a t e s   to   a  v a r i a b l e   i n l e t   a r e a  
t u r b i n e   t u r b o c h a r g e r   . 

5  V a r i o u s   p r o p o s a l s   have   b e e n   made  fo r   v a r y i n g   t h e  
e f f e c t i v e   i n l e t   a r e a   of  t he   t u r b i n e   of  a  t u r b o c h a r g e r  
f o r   an  i n t e r n a l   c o m b u s t i o n   e n g i n e .   T y p i c a l l y   t h e s e  
p r o p o s a l s   p r o v i d e   t h a t   a t   low  e n g i n e   s p e e d   or  l o w  
t u r b o c h a r g e r   c o m p r e s s o r   o u t p u t   p r e s s u r e   ( b o o s t  

L0  p r e s s u r e )   t he   e f f e c t i v e   t u r b i n e   i n l e t   a r e a   i s  
d e c r e a s e d   to  i n c r e a s e   t he   v e l o c i t y   of  t he   e x h a u s t   g a s  
e n t e r i n g   the   t u r b i n e   w h e e l ,   and  t h a t   a t   h i g h   e n g i n e  
s p e e d   or  h i g h   b o o s t   p r e s s u r e   t he   e f f e c t i v e   t u r b i n e  
i n l e t   a r e a   i s   i n c r e a s e d   to  r e d u c e   the   v e l o c i t y   of  t h e  

5  e x h a u s t   gas   e n t e r i n g   t h e   t u r b i n e   w h e e l .  
P u b l i s h e d   E u r o p e a n   P a t e n t   S p e c i f i c a t i o n   N o s .  

0 0 8 0 8 1 0 ,   0 0 9 5 8 5 3   and  0 1 3 1 4 0 6   d e s c r i b e   m e c h a n i s m s  
wh ich   v a r y   t he   e f f e c t i v e   i n l e t   a r e a   of  a  t u r b o c h a r g e r  
t u r b i n e   by  d i s p l a c e m e n t   of  a  m o v a b l e   member  w h i c h  

!0  f o r m s   one  s i d e   w a l l   of  t he   t u r b i n e   n o z z l e   a r r a y .  
D i s p l a c e m e n t   of  t h e   m o v a b l e   member  may  be  in  r e s p o n s e  
to  an  e n g i n e   o p e r a t i n g   p a r a m e t e r   s u c h   as  e n g i n e   s p e e d  
or  b o o s t   p r e s s u r e   or  a  c o m b i n a t i o n   of  s u c h  
p a r a m e t e r s .   One  or  more  a c t u a t o r s   c o n n e c t e d   to  t h e  

5  m o v a b l e   member  move  t h e   member  b e t w e e n   maximum  a r e a  
and  minimum  a r e a   p o s i t i o n s .   A  p r e - l o a d i n g   s p r i n g   may  
be  c o n v e n i e n t l y   a r r a n g e d   to  b i a s   t he   m o v a b l e   m e m b e r  
t o w a r d s   t he   min imum  a r e a   c o n d i t i o n ,   t he   member  b e i n g  
moved  t o w a r d s   t h e   maximum  a r e a   c o n d i t i o n   by  f l u i d  

Q  p r e s s u r e   a c t i n g   a g a i n s t   a  d i a p h r a g m   w i t h i n   t h e  
a c t u a t o r   to  o v e r c o m e   t he   b i a s   of  t he   s p r i n g .   T h e  
f l u i d   p r e s s u r e   may  be  p r o v i d e d   by  a i r   f rom  t h e  
t u r b o c h a r g e r   c o m p r e s s o r   o u t l e t   or  a i r   f rom  a n  
e x t e r n a l   s o u r c e   s u c h   as  an  e n g i n e   d r i v e n   c o m p r e s s o r .  

5  For  such   s y s t e m s   to  f u n c t i o n   s a t i s f a c t o r i l y   i t  
i s   n e c e s s a r y   to  c o n t r o l   t he   d i s p l a c e m e n t   of  t h e  
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m o v a b l e   member  as  a  zwac%.%*m  of  «wae  or  store  e a g l i t e  
o p e r a t i n g   p a r a m e t e r s   to   asdtefcewe  a*  e f f e c t i v e   t u r b i n e  
i n l e t   a r e a   w h i c h   o p t i m i z e s   e n g i n e   p e r f o r m a n c e  
t h r o u g h o u t   t he   e n g i n e   o p e r a t i n g   s p e e d   and  l o a d   r a n g e .  

5  A  p a r t i a l   fo rm  of  c o n t r o l   i s   a c h i e v e d   by  w h a t  
a r e   r e f e r r e d   to  as  b o o s t   c o n t r o l   s y s t e m s   in  w h i c h   t h e  
e f f e c t i v e   t u r b i n e   i n l e t   a r e a   i s   v a r i e d   in  p r o p o r t i o n  
to   t h e   t u r b o c h a r g e r   c o m p r e s s o r   o u t l e t   p r e s s u r e .   I n  
t h e   s i m p l e s t   fo rm  t h i s   may  be  a c h i e v e d   by  a d m i t t i n g  

IQ  t h e   c o m p r e s s o r   o u t l e t   p r e s s u r e   d i r e c t l y   to  a  s p r i n g  
p r e - l o a d e d   d i a p h r a g m   a c t u a t o r .   By  s u i t a b l e   s i z i n g   o f  
t h e   d i a p h r a g m   and  s p r i n g   t h e   s y s t e m   is   s u b s t a n t i a l l y  
s e l f - r e g u l a t i n g   g i v i n g   good  e n g i n e   t r a n s i e n t  

r e s p o n s e .   H o w e v e r ,   s u c h   a  s y s t e m   is   no t   r e s p o n s i v e  

L5  to   e i t h e r   e n g i n e   s p e e d   or  e n g i n e   l o a d   and  does   n o t  
g i v e   t h e   t u r b i n e   i n l e t   a r e a   t h a t   p r o d u c e s   t he   m o s t  
e f f i c i e n t   o p e r a t i o n   of  t h e   e n g i n e   u n d e r   a l l   o p e r a t i n g  
c o n d i t i o n s   . 

A  more  c o m p l e x   c o n t r o l   s y s t e m   is   d e s c r i b e d   i n  

20  E u r o p e a n   P a t e n t   A p p l i c a t i o n   No.  8 4 - 3 0 6 2 7 3 . 8   in  w h i c h  
means   a r e   p r o v i d e d   f o r   v a r y i n g   t h e   e f f e c t i v e   t u r b i n e  
i n l e t   a r e a   as  a  f u n c t i o n   of  e n g i n e   rpm.  At  h i g h   r p m s  
t h e   e f f e c t i v e   i n l e t   a r e a   is   m a i n t a i n e d   s u b s t a n t i a l l y  
in  i t s   maximum  a r e a   c o n d i t i o n ,   a t   low  rpms  t h e  

y.5  e f f e c t i v e   i n l e t   a r e a   i s   m a i n t a i n e d   s u b s t a n t i a l l y   i n  
i t s   minimum  a r e a   c o n d i t i o n ,   and  a t   i n t e r m e d i a t e   r p m s  
t h e   . e f f e c t i v e   i n l e t   a r e a   i n c r e a s e s   w i t h   i n c r e a s e s   i n  
e n g i n e   rpm.  A  s i g n a l   r e p r e s e n t i n g   t he   a c t u a l  
e f f e c t i v e   i n l e t   a r e a   i s   fed   back   to  t he   i n l e t   a r e a  

JO  c o n t r o l l i n g   a c t u a t o r   and  t he   p o s i t i o n   of  t he   a c t u a t o r  
i s   c o r r e c t e d   by  ' t h e   f e e d b a c k   s i g n a l   to  a c h i e v e   a  
p r e d e t e r m i n e d   e f f e c t i v e   i n l e t   a r e a .  

A l t h o u g h   the   a b o v e   s y s t e m   p r o v i d e s   o p t i m u m  
c o n t r o l   u n d e r   c e r t a i n   o p e r a t i n g   c o n d i t i o n s   i t   d o e s  

15  h a v e   some  d r a w b a c k s .   The  t r a n s i e n t   r e s p o n s e   is  n o t  
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^v«u  ao  uiiau  u o t a m e a   u s i n g   s i m p l e   c o m p r e s s o r  
b o o s t   p r e s s u r e   s y s t e m s ,   and  the   e f f e c t i v e   i n l e t   a r e a  
is   v a r i e d   i r r e s p e c t i v e   of  e n g i n e   l o a d .   The  s y s t e m   i s  
a l s o   c o m p l i c a t e d   a n d ,   as  a  r e s u l t ,   s u f f e r s   f rom  a  
h igh   m a n u f a c t u r i n g   c o s t .   At  low  b o o s t   p r e s s u r e s   i t  
is  a l s o   p o s s i b l e   f o r   e x h a u s t   gas   to   f l o w   t h r o u g h   t h e  
a c t u a t o r   and  o v e r h e a t   t he   a c t u a t o r   d i a p h r a g m .  

I t   i s   known  f rom  p u b l i s h e d   E u r o p e a n   P a t e n t  
S p e c i f i c a t i o n   No.  0 1 0 8 9 0 5   to  p r o v i d e   a  b y p a s s   c o n d u i t  
a e t w e e n   t h e   t u r b i n e   i n l e t   and  c o m p r e s s o r   o u t l e t   of  a  
: u r b o c h a r g e r   ,  t h e   b y p a s s   i n c o r p o r a t i n g   a  n o n - r e t u r n  
j a l v e   w h i c h   p e r m i t s   gas   f l ow  o n l y   f rom  the   c o m p r e s s o r  
:o  t he   t u r b i n e   i n l e t .   The  i n l e t   a r e a   of  t h e   t u r b i n e  
.s  h o w e v e r   no t   c o n t r o l l e d   by  the   p r e s s u r e   in  t h e  
>ypass   c o n d u i t   w h i c h   i s   p r o v i d e d   to  i m p r o v e   low  s p e e d  
r u n n i n g   r a t h e r   t h a n   to  c o n t r o l   t u r b i n e   i n l e t   a r e a .  

U.S .   P a t e n t   S p e c i f i c a t i o n   No.  4 4 9 9 7 3 1   d e s c r i b e s  
i  t u r b o c h a r g e r   in  w h i c h   a  c o n d u i t   i s   p r o v i d e d   b e t w e e n  
he  t u r b i n e   i n l e t   and  the   c o m p r e s s o r   o u t l e t ,   t h e  
o n d u i t   i n c o r p o r a t i n g   a  n o n - r e t u r n   v a l v e .   T h i s  
r r a n g e m e n t   i s   p r o v i d e d   to  a v o i d   s u r g i n g   of  t h e  
o m p r e s s o r   a t   low  gas   f low  r a t e s .   The  t u r b i n e   i n l e t  
r e a   i s   no t   a  f u n c t i o n   of  t he   p r e s s u r e   in  t h e   c o n d u i t .  

i t   i s   an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   t o  
r o v i d e   an  i m p r o v e d   v a r i a b l e   t u r b i n e   i n l e t   a r e a  
u r b o c h a r g e r   . 

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  
r o v i d e d   a  v a r i a b l e   i n l e t   a r e a   t u r b i n e   t u r b o c h a r g e r  
or  an  i n t e r n a l   c o m b u s t i o n   e n g i n e ,   t h e   t u r b o c h a r g e r  
o m p r i s i n g   a  t u r b i n e   h a v i n g   an  i n l e t   and  an  o u t l e t ,   a  
o m p r e s s o r   d r i v e n   by  t he   t u r b i n e   and  h a v i n g   an  i n l e t  
nd  an  o u t l e t ,   and  means   fo r   c o n t r o l l i n g   t he   t u r b i n e  
n l e t   a r e a   as  a  f u n c t i o n   of  a  c o n t r o l   p r e s s u r e   s i g n a l  
ach  t h a t   t he   t u r b i n e   i n l e t   a r e a   i n c r e a s e s   as  a  
i r e c t   f u n c t i o n   of  t he   c o n t r o l   p r e s s u r e   s i g n a l ,  
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w h e r e i n   the   c o n t r o l   p r e s s u r e   s i g n a l   c o r r e s p o n d s   t o  

w h i c h e v e r   i s   t h e   g r e a t e r   of  t he   t u r b i n e   i n l e t  

p r e s s u r e   and  t he   c o m p r e s s o r   o u t l e t   p r e s s u r e .  

The  c o n t r o l   p r e s s u r e   may  be  t he   p r e s s u r e   w i t h i n  

5  a  c h a m b e r ,   a  f i r s t   c o n d u i t   c o n n e c t i n g   the   p r e s s u r e  

c h a m b e r   to  t he   t u r b i n e   i n l e t ,   and  a  s e c o n d   c o n d u i t  

c o n n e c t i n g   the   p r e s s u r e   c h a m b e r   to  the   c o m p r e s s o r  

o u t l e t ,   the   s e c o n d   c o n d u i t   i n c o r p o r a t i n g   a  n o n - r e t u r n  

v a l v e   w h i c h   c l o s e s   when  the   p r e s s u r e   on  the   s i d e   o f  

10  the   v a l v e   r e m o t e   f rom  the   p r e s s u r e   c h a m b e r   i s   l e s s  

t h a n   the   p r e s s u r e   on  t h e   o t h e r   s i d e   of  t he   v a l v e .  

The  p r e s s u r e   c h a m b e r   may  be  d e f i n e d   on  one  s i d e  

of  a  s p r i n g   p r e - l o a d e d   d i a p h r a g m .   The  d i a p h r a g m   may 

be  c o n n e c t e d   to  an  a c t u a t o r   w h i c h   e x t e n d s   a c r o s s   a n d  

15  t h r o u g h   the   p r e s s u r e   c h a m b e r   w a l l   to   an  i n l e t   a r e a  

c o n t r o l   m e c h a n i s m ,   t h e   f i r s t   c o n d u i t   b e i n g   f o r m e d   a t  

l e a s t   in  p a r t   by  a  p a s s a g e w a y   i n t o   t he   c h a m b e r  

t h r o u g h   w h i c h   the   a c t u a t o r   e x t e n d s .  

By  c o n n e c t i n g   t h e   a c t u a t o r   to  b o t h   t h e  

20  c o m p r e s s o r   o u t l e t   p r e s s u r e   and  to  the   t u r b i n e   i n l e t  

p r e s s u r e   the   s y s t e m   b e c o m e s   r e s p o n s i v e   to  a  w i d e r  

r a n g e   of  e n g i n e   rpm  and  l o a d   c o m b i n a t i o n s   t h a n   f o r  

s y s t e m s   o p e r a t e d   by  c o m p r e s s o r   o u t l e t   p r e s s u r e  

a l o n e .   T h i s   i s   b e c a u s e   at   low  e n g i n e   l o a d ,   h i g h   r p m  
25  o p e r a t i n g   c o n d i t i o n s   t h e   t u r b i n e   i n l e t   p r e s s u r e   c a n  

i n c r e a s e   to  h i g h e r   v a l u e s   t h a n   the   c o m p r e s s o r   o u t l e t  

p r e s s u r e .   C o n n e c t i n g   t he   t u r b i n e   i n l e t   p r e s s u r e   t o  

the   a c t u a t o r   e n a b l e s   t h i s   c h a r a c t e r i s t i c   to  be  u s e d  

to  i n c r e a s e   the   t u r b i n e   e f f e c t i v e   i n l e t   a r e a   a t   h i g h  

30  e n g i n e   rpm  and  low  e n g i n e   l o a d   o p e r a t i n g   c o n d i t i o n s  

and  t h e r e b y   r e d u c e   p u m p i n g   l o s s e s .  

Means  may  be  p r o v i d e d   fo r   c o n n e c t i n g   a  s o u r c e   o f  

h i g h - p r e s s u r e   a i r   f r o m   an  e x t e r n a l   s o u r c e   to  t h e  

p r e s s u r e   c h a m b e r   when  the   e n g i n e   s p e e d   e x c e e d s   a  

35  p r e d e t e r m i n e d   t h r e s h o l d .   T h i s   m a i n t a i n s   the   t u r b i n e  

i n l e t   a r e a   a t   i t s   maximum.   Below  t he   p r e d e t e r m i n e d  



0 2 0 7 6 7 1  

—  j  — 

AW 

u u i c o u u i u   1.11  «  e j i L c i i m j .   s o u r c e   w i n   be  d i s c o n n e c t e d  
f rom  the   p r e s s u r e   c h a m b e r   in  n o r m a l   c i r c u m s t a n c e s ,  
a l t h o u g h   i f   f o r   e x a m p l e   an  e x h a u s t   b r a k e   i s   f i t t e d   t o  
the   e n g i n e   i t   may  be  d e s i r a b l e   to  s u p p l y   a i r   f rom  t h e  
e x t e r n a l   s o u r c e   to   t h e   a c t u a t o r   when  t h e   e x h a u s t  
b r a k e   i s   o p e r a t e d .  

A  t h i r d   c o n d u i t   may  be  p r o v i d e d   c o n n e c t i n g   t h e  
c o m p r e s s o r   o u t l e t   to  t he   s i d e   of  t he   d i a p h r a g m   r e m o t e  
f rom  the   p r e s s u r e   c h a m b e r .   A  p r e s s u r e   r e g u l a t o r   i s  
p r o v i d e d   in  t he   t h i r d   c o n d u i t   so  t h a t   t he   p r e s s u r e  
d e l i v e r e d   to  t h e   d i a p h r a g m   t h r o u g h   t h e   t h i r d   c o n d u i t  
c o r r e s p o n d s   to  e i t h e r   t he   c o m p r e s s o r   o u t l e t   p r e s s u r e  
o r ,   whe re   t he   c o m p r e s s o r   o u t l e t   p r e s s u r e   e x c e e d s   a  
p r e d e t e r m i n e d   t h r e s h o l d ,   to  a  p r e s e t   l e v e l   d e t e r m i n e d  
by  t h e   p r e s s u r e   r e g u l a t o r .   In  t h i s   a r r a n g e m e n t ,   t h e  
p r e s s u r e   s u p p l i e d   to   t h e   d i a p h r a g m   v i a   t h e   r e g u l a t o r  
may  be  u s e d   r a t h e r   t h a n   or  as  w e l l   as  a  s p r i n g   t o  
e f f e c t i v e l y   p r e - l o a d   t he   d i a p h r a g m .   Where  t he   t h i r d  
c o n d u i t   i s   p r o v i d e d   t he   o p e r a t i o n   of  t he   d e v i c e   i s  
the  same  as  w h e r e   no  t h i r d   c o n d u i t   i s   p r o v i d e d   e x c e p t  
tfhen  the   c o m p r e s s o r   o u t p u t   p r e s s u r e   i s   l e s s   t h a n   t h e  
p r e d e t e r m i n e d   t h r e s h o l d   s e t   by  t h e   p r e s s u r e  
r e g u l a t o r .   When  t h e   c o m p r e s s o r   o u t p u t   p r e s s u r e   i s  
Less  t h a n   t h e   r e g u l a t e d   p r e s s u r e   t he   t u r b i n e   i n l e t  
i r e a   e f f e c t i v e l y   d e c r e a s e s   as  t he   c o m p r e s s o r   o u t p u t  
p r e s s u r e   i n c r e a s e s   a s s u m i n g   a  c o n s t a n t   t u r b i n e   i n l e t  
p r e s s u r e .   T h i s   p r o v i d e s   an  a d d i t i o n a l   d e g r e e   o f  
f r e e d o m   to  t he   s y s t e m   d e s i g n e r   when  d e t e r m i n i n g   t h e  
r e l a t i o n s h i p   b e t w e e n   t u r b i n e   i n l e t   a r e a ,   c o m p r e s s o r  
> u t l e t   p r e s s u r e   and  t u r b i n e   i n l e t   p r e s s u r e .  

An  e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n   w i l l   now 
>e  d e s c r i b e d   by  way  of  e x a m p l e   w i t h   r e f e r e n c e   to  t h e  
i c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h   : 

F i g .   1  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of  a n  
smbod imen t   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   2  i l l u s t r a t e s   t he   v a r i a t i o n   in  i n l e t   a r e a  
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1 t h   r e s p e c t   to  c o m p r e s s o r   o u t l e t   p r e s s u r e   v d o o s c  

p r e s s u r e )   and  t u r b i n e   i n l e t   p r e s s u r e   in  a n  

r r a n g e m e n t   in  a c c o r d a n c e   w i t h   t h e   p r i o r   a r t ;  

F i g .   3  i l l u s t r a t e s   t he   v a r i a t i o n   in  i n l e t   a r e a  

r i t h   r e s p e c t   to  b o o s t   p r e s s u r e   and  t u r b i n e   i n l e t  

> r e s s u r e   in  a c c o r d a n c e   w i t h   an  e m b o d i m e n t   of  t h e  

. n v e n t i o n   wh ich   i s   a  m o d i f i c a t i o n   of  t h a t   shown  i n  

I g .   1;  a n d  

F i g .   4  i l l u s t r a t e s   t h e   v a r i a t i o n   in  i n l e t   a r e a  

1 t h   r e s p e c t   to  b o o s t   p r e s s u r e   and  t u r b i n e   i n l e t  

> r e s s u r e   in  t h e   e m b o d i m e n t   of  t he   i n v e n t i o n  

. l l u s t r a t e d   in  F i g .   1 .  

R e f e r r i n g   to  F i g .   1,  an  a c t u a t o r   rod  1  i s  

c o n n e c t e d   to  a  f l e x i b l e   d i a p h r a g m   2  s e c u r e d   b e t w e e n  

c o m p o n e n t   p a r t s   3  and  4  of  a  d i a p h r a g m   h o u s i n g .   T h e  

2nd  of  the   a c t u a t o r   rod  1  r e m o t e   f rom  the   d i a p h r a g m   2 

Ls  s e c u r e d   to  a  m e c h a n i s m   20  f o r   c o n t r o l l i n g   t h e  

t u r b i n e   i n l e t   a r e a   of  a  t u r b o c h a r g e r   22  to  w h i c h   t h e  

S e v i c e   is  f i t t e d .   The  m e c h a n i s m   a t t a c h e d   to  t he   r o d  

1  may  be  of  t h e   t y p e   i l l u s t r a t e d   fo r   e x a m p l e   i n  

p u b l i s h e d   E u r o p e a n   S p e c i f i c a t i o n   No.  0 0 8 0 8 1 0   a l t h o u g h  

i t   w i l l   be  a p p r e c i a t e d   t h a t   any  s u i t a b l e   t u r b i n e  

i n l e t   a r e a   a d j u s t i n g   m e c h a n i s m   c o u l d   be  a c t u a t e d   b y  

the   rod  1  s u c h   as  an  a n n u l a r   r i n g   24  d i s p l a c e a b l e  

i n t o   a  t u r b i n e   i n l e t   h o u s i n g   26  t h a t   s u r r o u n d s   a  

t u r b i n e   w h e e l   28  of  t he   t u r b o c h a r g e r .   The  t u r b i n e  

w h e e l   is   j o u r n a l l e d   in  t h e   t u r b o c h a r g e r   by  a  s h a f t  

30,   w h i c h   a l s o   c o n n e c t s   to  and  j o u r n a l s   a  c o m p r e s s o r  

w h e e l   32.  E x h a u s t   g a s e s   f rom  an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   34  p a s s   t h r o u g h   a  m a n i f o l d   36  and  a c r o s s   t h e  

t u r b i n e   28  t h e r e b y   r o t a t i n g   i t   so  t h a t   the   c o m p r e s s o r  

w h e e l   p r e s s u r i z e s   a i r   fo r   d e l i v e r y   t h r o u g h   a  

c o m p r e s s o r   o u t l e t   38  to  t h e   i n t e r n a l   c o m b u s t i o n  

e n g i n e .  

A  p r e - l o a d i n g   s p r i n g   5  i s   p o s i t i o n e d   b e t w e e n   t h e  

d i a p h r a g m   2  and  t he   h o u s i n g   c o m p o n e n t   3  so  as  to  u r g e  
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The  rod  1  e x t e n d s   t h r o u g h   a  s l e e v e   6  w h i c h  
d e f i n e s   a  r e s t r i c t e d   p a s s a g e w a y   a r o u n d   the   rod  1 
rfhich  c o m m u n i c a t . e s   a t   one  end  w i t h   a  c h a m b e r   7 
d e f i n e d   b e t w e e n   t h e   d i a p h r a g m   2  and  the   h o u s i n g  
c o m p o n e n t   4  and  a t   t he   o t h e r   end  w i t h   t he   t u r b i n e  
i n l e t   h o u s i n g   26.  Thus   t h e   p a s s a g e w a y   d e f i n e d   by  t h e  
> l e e v e   6  a r o u n d   t h e   rod  1  c o n s t i t u t e s   a  f i r s t   c o n d u i t  
t r o u g h   which   gas   may  f l o w   to  and  f rom  the   c h a m b e r   7 .  

The  c h a m b e r   7  i s   c o n n e c t e d   by  a  s e c o n d   c o n d u i t   8 
o  the   t u r b o c h a r g e r   c o m p r e s s o r   o u t l e t   38.  a  

i o n - r e t u r n   v a l v e   9  i s   p r o v i d e d   in  t he   c o n d u i t   8  s u c h  
h a t   t he   n o n - r e t u r n   v a l v e   9  c l o s e s   when  t he   p r e s s u r e  
n  t he   c o n d u i t   8  on  the   s i d e   of  t he   v a l v e   9  a d j a c e n t  
he  c h a m b e r   7  e x c e e d s   t h e   p r e s s u r e   in  t he   c o n d u i t   8 
n  t he   o t h e r   s i d e   of  t he   v a l v e   9.  when  the   v a l v e   9 
s  open  t he   p r e s s u r e   w i t h i n   c h a m b e r   7  i s  
u b s t a n t i a l l y   t h e   same  as  t he   c o m p r e s s o r   o u t l e t  
r e s s u r e .   When  t h e   v a l v e   9  i s   c l o s e d   the   p r e s s u r e   i n  
Hamber  7  c o r r e s p o n d s   to  t he   t u r b i n e   i n l e t   p r e s s u r e ,  
be  p o s i t i o n   of  t h e   rod   1  and  h e n c e   t he   i n l e t   a r e a   o f  
^e  t u r b i n e   i s   a  f u n c t i o n   of  t he   d i f f e r e n t i a l  
r e s s u r e   a c r o s s   t h e   d i a p h r a g m   2  and  t he   s p r i n g  
i n s t a n t   and  p r e l o a d   of  t h e   p r e - l o a d i n g   s p r i n g   5 .  

R e f e r r i n g   now  to  F i g .   2,  t h i s   shows  a  s i m p l e  
: a p h i c a l   r e p r e s e n t a t i o n   of  t h e   v a r i a t i o n   in  t u r b i n e  
» le t   a r e a   w i t h   r e s p e c t   to  b o o s t   p r e s s u r e   ( t h a t   i s  
^ p r e s s o r   o u t l e t   p r e s s u r e )   and  t u r b i n e   i n l e t  
e s s u r e   w h i c h   w o u l d   a p p l y   i f   in  a c c o r d a n c e   w i t h  
i o r   a r t   a r r a n g e m e n t s   t he   c h a m b e r   7  was  i s o l a t e d  
om  the   t u r b i n e   i n l e t   p r e s s u r e   and  the   n o n - r e t u r n  
Ive   9  was  o m i t t e d .   B o o s t   p r e s s u r e   A  c o r r e s p o n d s   t o  
e  b o o s t   p r e s s u r e   a t   peak   t o r q u e   when  t h e   a c t u a t i n g  
c h a n i s m   has   r e d u c e d   t he   i n l e t   a r e a   to  50%  of  i t s  
ximum.  B o o s t   p r e s s u r e   B  c o r r e s p o n d s   to  a n  
t e r m e d i a t e   p r e s s u r e   w h i c h   i s   fo r   e x a m p l e   0 .2   b a r  
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above   b o o s t   p r e s s u r e   A  and  c o r r e s p o n d s   to  movement   o f  

bhe  a c t u a t o r   m e c h a n i s m   so  as  to  p r o v i d e   m a x i m u m  

t u r b i n e   i n l e t   a r e a .   V a r i a t i o n s   in  p r e s s u r e   a b o v e  

p r e s s u r e   B  or  b e l o w   p r e s s u r e   A  do  no t   a f f e c t   t h e  

t u r b i n e   i n l e t   a r e a .   B e t w e e n   p r e s s u r e s   A  and  B  t h e r e  

is  a  l i n e a r   c h a n g e   in  t he   t u r b i n e   i n l e t   a r e a   w i t h  

c h a n g e s   in  t he   b o o s t   p r e s s u r e .   The  t y p i c a l   e n g i n e  

o p e r a t i n g   e n v e l o p e   i s   i n d i c a t e d   by  d a s h e d   l i n e   C.  

Thus  i t   can  be  s e e n   t h a t   w i t h   a  s i m p l e   c o n t r o l   o f  

t u r b i n e   i n l e t   a r e a   in  d e p e n d e n c e   upon  the   b o o s t  

p r e s s u r e   o n l y   t he   s y s t e m   is   r e l a t i v e l y   i n f l e x i b l e   t o  

c h a n g e s   in  e n g i n e   l o a d   a n d / o r   t u r b i n e   i n l e t   p r e s s u r e .  

L o o k i n g   now  a t   F i g .   3  t h i s   i s   an  e q u i v a l e n t  

i l l u s t r a t i o n   to  t h a t   of  F i g .   2  bu t   i l l u s t r a t i n g   t h e  

e f f e c t   on  the   t u r b i n e   i n l e t   a r e a   of  c o n n e c t i n g   t h e  

c h a m b e r   7  of  F i g .   1  to  t h e   t u r b i n e   i n l e t   p r e s s u r e   v i a  

t h e   member  6  and  t he   p r o v i s i o n   of  the   n o n - r e t u r n  

v a l v e   9.  I t   can  be  s e e n   t h a t   in  low  l o a d   c o n d i t i o n s  

t h e   c o n t r o l   of  t u r b i n e   i n l e t   a r e a   i s   a  f u n c t i o n   o f  

t h e   t u r b i n e   i n l e t   p r e s s u r e   r a t h e r   t h a n   the   b o o s t  

p r e s s u r e .   The  l i n e   D  i n d i c a t e s   a  t y p i c a l   e n g i n e   r p m  

l i n e .  

R e f e r r i n g   a g a i n   to  F i g .   1,  a  t h i r d   c o n d u i t   10 

may  be  c o n n e c t e d   b e t w e e n   t h e   c o n d u i t   8  wh ich   c a r r i e s  

t h e   c o m p r e s s o r   o u t p u t   p r e s s u r e   and  t he   s i d e   of  t h e  

d i a p h r a g m   2  r e m o t e   f rom  t he   c h a m b e r   7.  A  p r e s s u r e  

r e g u l a t o r   11  i s   c o n n e c t e d   in  c o n d u i t   10  so  t h a t   t h e  

p r e s s u r e   in  c o n d u i t   10  c o r r e s p o n d s   to   t he   c o m p r e s s o r  

o u t p u t   p r e s s u r e   u n t i l   t h a t   o u t p u t   p r e s s u r e   e x c e e d s   a  

p r e d e t e r m i n e d   t h r e s h o l d   w h e r e a f t e r   t he   p r e s s u r e  

w i t h i n   c o n d u i t   10  i s   h e l d   a t   a  p r e d e t e r m i n e d   l e v e l   by  

t he   r e g u l a t o r   11.  The  p r e s s u r e   in  c o n d u i t   10  t h u s  

e f f e c t i v e l y   p r o v i d e s   p r e - l o a d i n g   to  the   d i a p h r a g m   2 

w h i c h   c o r r e s p o n d s   p r e c i s e l y   w i t h   t h e   f u n c t i o n   of  t h e  

p r e - l o a d i n g   s p r i n g   5  so  l ong   as  t h e   p r e s s u r e   10  i s   a t  

t h e   p r e d e t e r m i n e d   l e v e l   d e t e r m i n e d   by  t he   r e g u l a t o r  
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v.tJ.ol.xv.  i B s p g n s e   or  tne   d e v i c e   i s  
c h a n g e d   when  t h e   p r e s s u r e   in  c o n d u i t   10  c o r r e s p o n d s  
to  t he   p r e s s u r e   in  c o n d u i t   8.  The  s p r i n g   5  may  b e  
d i s p e n s e d   w i t h   or  r e d u c e d   in  s t r e n g t h   to  c o m p e n s a t e  
fo r   t he   f a c t   t h a t   some  p r e - l o a d i n g   i s   now  p r o v i d e d   b y  
the   p r e s s u r e   d e l i v e r e d   v i a   c o n d u i t   1 0 .  

R e f e r r i n g   now  to  F i g .   4,  t h i s   i s   an  i l l u s t r a t i o n  
e q u i v a l e n t   to  t h o s e   of   F i g s .   2  and  3  bu t   i l l u s t r a t i n g  
bhe  e f f e c t   on  t u r b i n e   i n l e t   a r e a   when  the   c o n d u i t   8 
and  v a l v e   9  and  t h e   c o n d u i t   10  and  r e g u l a t o r   11  a r e  
3oth  p r o v i d e d .   I t   w i l l   be  s e e n   t h a t   at   low  b o o s t  
p r e s s u r e s   when  t h e   r e g u l a t o r   11  is   o p e r a t i n g   b e n e a t h  
Lts  p r e d e t e r m i n e d   t h r e s h o l d   t he   t u r b i n e   i n l e t   a r e a  
■ n c r e a s e s   more  r a p i d l y   w i t h   t u r b i n e   i n l e t   p r e s s u r e   i n  
:he  c a s e   of  F i g .   4  t h a n   in  t he   c a s e   of  F i g .   3 .  

R e f e r r i n g   a g a i n   . to   F i g .   1,  a  f u r t h e r   f e a t u r e   o f  
he  i l l u s t r a t e d   a r r a n g e m e n t   i s   a  c o n d u i t   12  w h i c h  

c o n n e c t s   the   c o n d u i t   8  on  the   s i d e   of  the   n o n - r e t u r n  
a l v e   9  a d j a c e n t   t he   c h a m b e r   7  to  a  s o l e n o i d  
o n t r o l l e d   v a l v e   13  w h i c h   when  o p e r a t e d   c o n n e c t s   t h e  
o n d u i t   12  to  a  c o n d u i t   14  t h a t   in  t u r n   i s   c o n n e c t e d  
o  an  e x t e r n a l   s u p p l y   of  p r e s s u r i s e d   a i r ,   for   e x a m p l e  
n  e n g i n e   d r i v e n   c o m p r e s s o r .   A  c o n t r o l   d e v i c e   can  b e  
r o v i d e d   ( n o t   s h o w n )   w h i c h   m o n i t o r s   e n g i n e   rpm  a n d  
pens   the   v a l v e   13  when  a  p r e d e t e r m i n e d   rpm  i s  
x c e e d e d .   T h i s   t h e n   s u p p l i e s   h igh   p r e s s u r e   a i r   v i a  
o n d u i t s   14,  12  and   8  to  t he   c h a m b e r   7  c a u s i n g   t h e  
u r b i n e   i n l e t   a r e a   to  be  i n c r e a s e d   to  i t s   m a x i m u m  
s t e n t .   Thus  i t   i s   p o s s i b l e   to  o v e r r i d e   t h e  
s l a t i o n s h i p   b e t w e e n   t u r b i n e   i n l e t   a r e a ,   b o o s t  
r e s s u r e   and  t u r b i n e   i n l e t   p r e s s u r e   when  a  
r e d e t e r m i n e d   e n g i n e   s p e e d   is  e x c e e d e d .  

As  shown  in  F i g .   1  the   t u r b i n e   i n l e t   p r e s s u r e  
»y  be  c o n v e n i e n t l y   a d m i t t e d   to  t he   c h a m b e r   7  t h r o u g h  
ie  c l e a r a n c e   b e t w e e n   the   a c t u a t o r   rod  1  and  t h e  
t a r i n g   member  6  w h i c h   i s   s u p p o r t e d   in  t he   d i a p h r a g m  
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L t h o u g h   t h i s   c o m m u n i c a t e s   t he   c h a m b e r   7  and  t h u s   t h e  

i a p h r a g m   2  w i t h   ho t   g a s e s   a t   t h e   t u r b i n e   i n l e t   t h e  

r e s e n c e   of  t he   n o n - r e t u r n   v a l v e   9  p r e v e n t s   t h i s   h o t  

as  f r o m   f l o w i n g   c o n t i n u o u s l y   t h r o u g h   the   c h a m b e r   7 

ven  i f   t he   t u r b i n e   i n l e t   p r e s s u r e   i s   g r e a t e r   t h a n  

he  c o m p r e s s o r   o u t l e t   p r e s s u r e .   T h u s ,   t h e  

r r a n g e m e n t   e n s u r e s   t h a t   o n l y   a  v e r y   s m a l l   amoun t   o f  

ot   g a s   is   d e l i v e r e d   to  t he   c h a m b e r   7  and  t h e r e f o r e  

he  d i a p h r a g m   2  i s   p r o t e c t e d   a g a i n s t   damage   due  t o  

v e r h e a t i n g .   On  t he   o t h e r   hand   when  the   c o m p r e s s o r  

u t l e t   p r e s s u r e   is   g r e a t e r   t h a n   t he   t u r b i n e   i n l e t  

p r e s s u r e   a  f l ow  of  c o o l i n g   a i r   i s   d r i v e n   t h r o u g h   t h e  

:hamber   7  and  t h e n c e   o u t   t h r o u g h   t h e   member  6  to  t h e  

: u r b i n e   i n l e t .   Thus  t he   d i a p h r a g m   is   p r o t e c t e d  

i g a i n s t   damage   due  to   o v e r h e a t i n g .  
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-  —  a i c a   t u r D i n e   c u r D o c n a r g e r  
fo r   an  i n t e r n a l   c o m b u s t i o n   e n g i n e ,   t he   t u r b o c h a r g e r  
c o m p r i s i n g   a  t u r b i n e   h a v i n g   an  i n l e t   and  an  o u t l e t ,   a  
c o m p r e s s o r   d r i v e n   by  t he   t u r b i n e   and  h a v i n g   an  i n l e t  
and  an  o u t l e t ,   and  means   f o r   c o n t r o l l i n g   the   t u r b i n e  
i n l e t   a r e a   as  a  f u n c t i o n   of  a  c o n t r o l   p r e s s u r e   s i g n a l  
such   t h a t   t he   t u r b i n e   i n l e t   a r e a   i n c r e a s e s   as  a  L0  d i r e c t   f u n c t i o n   of  t h e   c o n t r o l   p r e s s u r e   s i g n a l ,  
w h e r e i n   the   c o n t r o l   p r e s s u r e   s i g n a l   c o r r e s p o n d s   t o  
w h i c h e v e r   i s   t h e   g r e a t e r   of  the   t u r b i n e   i n l e t  
p r e s s u r e   and  t he   c o m p r e s s o r   o u t l e t   p r e s s u r e .  

2.  A  t u r b o c h a r g e r   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  5  the   c o n t r o l   p r e s s u r e   i s   t he   p r e s s u r e   w i t h i n   a  
c h a m b e r ,   a  f i r s t   c o n d u i t   c o n n e c t i n g   the   p r e s s u r e  
c h a m b e r   to  t he   t u r b i n e   i n l e t ,   and  a  s e c o n d   c o n d u i t  
c o n n e c t i n g   the   p r e s s u r e   c h a m b e r   to  the   c o m p r e s s o r  
o u t l e t ,   the   s e c o n d   c o n d u i t   i n c o r p o r a t i n g   a  n o n - r e t u r n  0  v a l v e   w h i c h   c l o s e s   when  the   p r e s s u r e   on  the   s i d e   o f  
the   v a l v e   r e m o t e   f rom  t he   p r e s s u r e   c h a m b e r   i s   l e s s  
than   the   p r e s s u r e   on  the   o t h e r   s i d e   of  the   v a l v e .  

3.  A  t u r b o c h a r g e r   a c c o r d i n g   to  c l a i m   2,  w h e r e i n  
the   p r e s s u r e   c h a m b e r   i s   d e f i n e d   on  one  s i d e   of  a  *  p r e - l o a d e d   d i a p h r a g m .  

4.  A  t u r b o c h a r g e r   a c c o r d i n g   to  c l a i m   3,  w h e r e i n  
the   d i a p h r a g m   i s   c o n n e c t e d   to  an  a c t u a t o r   w h i c h  
e x t e n d s   a c r o s s   and  t h r o u g h   the   p r e s s u r e   c h a m b e r   w a l l  
to  an  i n l e t   a r e a   c o n t r o l   m e c h a n i s m ,   the   f i r s t   c o n d u i t  »  b e i n g   f o r m e d   a t   l e a s t   in  p a r t   by  a  p a s s a g e w a y   i n t o  
the   c h a m b e r   t h r o u g h   w h i c h   the   a c t u a t o r   e x t e n d s .  

5.  A  t u r b o c h a r g e r   a c c o r d i n g   to  c l a i m   4 ,  
c o m p r i s i n g   means   f o r   c o n n e c t i n g   a  s o u r c e   of  h i g h  
p r e s s u r e   a i r   f r o m   an  e x t e r n a l   s o u r c e   to  the   p r e s s u r e  
c h a m b e r   when  t h e   e n g i n e   s p e e d   e x c e e d s   a  p r e d e t e r m i n e d  



i r e s h o i a .  

6.  A  t u r b o c h a r g e r   a c c o r d i n g   to  c l a i m   3,  4  or  5 ,  

u p r i s i n g   a  t h i r d   c o n d u i t   w h i c h   c o n n e c t s   t h e  

^ p r e s s o r   o u t l e t   to  t h e   s i d e   of  t h e   d i a p h r a g m   r e m o t e  

com  the   p r e s s u r e   c h a m b e r ,   and  a  p r e s s u r e   r e g u l a t o r  

D n n e c t e d   in  t h e   t h i r d   c o n d u i t   so  t h a t   the   p r e s s u r e  

2 l i v e r e d   to  t h e   d i a p h r a g m   t h r o u g h   the   t h i r d   c o n d u i t  

c o r r e s p o n d s   to  the   c o m p r e s s o r   o u t l e t   p r e s s u r e   w h e n  

he  c o m p r e s s o r   o u t l e t   p r e s s u r e   i s   l e s s   t h a n   a  

r e d e t e r m i n e d   t h r e s h o l d   and  to   a  p r e s e t   l e v e l   w h e n  

he  c o m p r e s s o r   o u t l e t   p r e s s u r e   e x c e e d s   s a i d  

r e d e t e r m i n e d   t h r e s h o l d ,   t he   p r e s e t   l e v e l   b e i n g  

e t e r m i n e d   by  t h e   p r e s s u r e   r e g u l a t o r .  
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